COMMENTARY

Using Apolipoprotein B to Manage Dyslipidemic Patients:
Time for a Change?

CHARLES R. HARPER, MD, AND TERRY A. JACOBSON, MD

Low—density lipoprotein cholesterol (LDL-C) concentra-
tion has been established as an independent risk factor
for the development of atherosclerosis; consequently, mul-
tiple practice guidelines recognize LDL-C as the primary
target of therapy.'? For decades, considerable effort has
been committed to educating physicians and the general
public about the importance of lowering LDL-C levels.

Despite the extensive data relating LDL-C to athero-
sclerosis, some have suggested that focusing only on
LDL-C may not be an optimal strategy.’ Several limita-
tions exist for an approach that focuses only on LDL-C:
(1) evidence is increasing that triglyceride-rich lipopro-
teins, including very low-density lipoproteins (VLDL)
and intermediate-density lipoproteins (IDL) (Figure 1)*
are also atherogenic®$; and (2) a substantial percentage of
patients with atherosclerotic vascular disease have LDL-
C in the optimal range.” Furthermore, many patients who
receive treatment and achieve recommended LDL-C goals
even lower than 70 mg/dL (to convert to mmol/L, multiply
by 0.0259) still develop the complications of atheroscle-
rotic vascular disease, which is referred to as residual
risk.® One explanation for these discrepancies is the mis-
match that has been described in many patients between
the LDL-C concentration reported on a basic lipid panel
and the number of atherogenic lipid particles, which is
often expressed as low-density lipoprotein (LDL) particle
number or the number of apolipoprotein B (apo B)—con-
taining lipoproteins.® The reason for this mismatch is that
LDL particles are extremely heterogeneous with respect
to the amount of cholesterol contained in the LDL par-
ticle core.!? Patients with a predominance of cholesterol-
depleted LDL particles (also called small dense LDL-C)
may have a low LDL “cholesterol” concentration as re-
ported on the standard lipid panel but still have a large
number of circulating atherogenic LDL particles.!! For
example, 2 patients with the same LDL-C concentration
on a basic lipid panel may have markedly different LDL
particle numbers and different cardiovascular risk (Figure
2).12 Extrapolating information concerning the number of
atherogenic LDL particles from the LDL-C content is an
unreliable strategy.

Recently, some expert panels and national organizations
have proposed using apo B in conjunction with standard
lipid testing to address the aforementioned limitations."
Apo B is a key structural component of all the atherogenic

lipoprotein particles, including LDL, VLDL, and IDL.
Each of these atherogenic particles carries only one apo
B molecule; thus, the total apo B level represents the total
number of circulating atherogenic lipoprotein particles and
provides the clinician a more accurate picture of a patient's
risk of cardiovascular events.”* Other advantages to the
measurement of apo B include the fact that it does not re-
quire a fasting specimen, its relative low cost, and the exis-
tence of a World Health Organization—approved standard.
Alternatively, some experts advocate calculating and us-
ing non-high-density lipoprotein cholesterol (non—-HDL-C)
instead of LDL-C to improve risk prediction in certain
groups of patients, particularly in those with elevated tri-
glyceride values.! The National Cholesterol Education Pro-
gram (NCEP)/Adult Treatment Panel (ATP) III guidelines
recommend that, in patients with triglyceride levels of 200
mg/dL or higher, non—-HDL-C should be calculated and the
goal set at 30 mg/dL higher than the LDL-C goal (Tablel).!
Substantial evidence supports the idea that non—-HDL-C is
clearly superior to LDL-C for cardiovascular disease risk
prediction. Non—HDL-C is calculated by subtracting the
HDL-C from the total cholesterol, and it represents the cho-
lesterol concentration of all atherogenic lipoproteins.'*!
Although non—-HDL-C is a good surrogate measure of apo
B, it does not measure the same thing. Non—-HDL-C mea-
sures the “cholesterol” content of all atherogenic lipopro-
teins (LDL, IDL, and VLDL), whereas apo B represents the
total number of circulating atherogenic particles. Although
substantial evidence supports the idea that non-HDL-C is
clearly superior to LDL-C for cardiovascular disease risk
prediction, strong evidence shows that apo B may be supe-
rior to both LDL-C and non—HDL-C for both risk stratifica-
tion and determination of goal attainment during therapy.
In this commentary, we propose how apo B might be
used by clinicians involved in the primary and secondary
prevention of coronary heart disease. First, we briefly dis-
cuss the evidence that suggests the superiority of apo B as a
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FIGURE 1. Lipoprotein subclasses and apolipoprotein (apo) B—containing lipoproteins. HDL = high-den-
sity lipoprotein; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; VLDL = very low-

density lipoprotein.
Adapted from J Clin Lipid,* with permission.

risk predictor compared to non—-HDL-C and LDL-C. Then,
we suggest certain patient populations in whom clinicians
may wish to target apo B because of demonstrated supe-
riority to LDL-C, including those with diabetes and those
receiving statin therapy. Finally, we discuss current recom-
mendations for apo B goals of therapy and the evidence for
these goals.

EviDENCE DEMONSTRATING THE SUPERIORITY OF APo B 10 Non—
HDL-C anp LDL-C For CARDIOVASCULAR Risk PREDICTION

Multiple epidemiological and clinical trials support the
superiority of apo B for risk prediction compared to both
LDL-C and non-HDL-C (Table 2).'* Recently, the large
epidemiological study AMORIS (Apolipoprotein related
Mortality Risk) recruited more than 175,000 Swedish
men and women and monitored them for more than 5
years.!¢ Total cholesterol, apo B, and apo A1l levels were
measured, and LDL-C values calculated. The association
between death from acute myocardial infarction and ini-
tial values for apo B, apo Al, and LDL-C was analyzed.
In multivariate analysis, apo B was a stronger predictor
of risk than LDL-C. Apo B also demonstrated a higher
sensitivity and specificity than LDL-C as a predictive

variable in both men and women irrespective of whether
the data were adjusted for age.

Another example is the INTERHEART study. INTER-
HEART is a large standardized case-control study of acute
myocardial infarction in more than 12,000 cases and more
than 14,000 age-matched and sex-matched controls from
52 countries and several ethnic groups. Apo B had the
highest odds ratio of any single measure for the prediction
of risk of coronary heart disease and was superior to non—
HDL in all ethnic groups."

UseruLnNess oF Apo B MEASUREMENTS IN DIABETIC PATIENTS
AND PATIENTS AT HiGH CARDIOMETABOLIC Risk

Diabetic patients and patients with multiple cardiometabolic
risk factors (obesity, insulin resistance, and hypertension)
are populations in whom apo B measurement may be most
advantageous. Focusing on the basic lipid panel and LDL-C
alone may result in an underestimation of cardiovascular
risk. Diabetic dyslipidemia is frequently characterized by
multiple lipoprotein abnormalities, including elevated levels
of triglyceride-rich lipoproteins such as VLDL and IDL,
increased numbers of small dense LDL particles, and low
levels of HDL-C."* Because there is one apo B molecule per
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FIGURE 2. Same low-density lipoprotein cholesterol (LDL-C) levels, different cardiovascular risk.
apo = apolipoprotein. Sl conversion factors: To convert LDL-C value to mmol/L, multiply by 0.0259.

Adapted from Am J Cardiol,*?> with permission.

particle of VLDL and IDL, apo B measurement could be
used as an effective marker for elevations in these athero-
genic triglyceride-rich lipoproteins and a more accurate
predictor of cardiovascular risk.

UseruLness oF Apo B ForR AssessMENT OF Risk IN PATIENTS
Receving Lipip-LoweRING THERAPY

Support is increasing for measurement of apo B to improve
the assessment of “residual risk” in patients being treated
with lipid-lowering drugs. Patients receiving therapy still
have significant residual cardiovascular risk even with treat-
ment to reach aggressive LDL-C goals. Factors that contrib-
ute to residual risk include elevated levels of atherogenic li-
poprotein particles other than LDL, such as IDL and VLDL,
and the presence of small dense LDL particles not detected
in a basic lipid panel. Measurement of apo B detects the pres-
ence of all atherogenic particles and has led some experts to
recommend monitoring apo B along with LDL-C to better
determine residual risk and therapeutic effectiveness. This
recommendation has led some experts to suggest monitoring
of apo B to better determine “residual” cardiovascular risk in
patients receiving therapy and to target both LDL-C and apo
B for monitoring therapeutic effectiveness.'?

In fact, several clinical trials have demonstrated the
superiority of apo B to LDL-C in monitoring patients
receiving statin therapy for residual risk. One such trial is
AFCAPS/TexCAPS (Air Force/Texas Coronary Athero-
sclerosis Prevention Study).?? This post hoc analysis of
the 6600 participants receiving lovastatin for 1 year was
performed to identify lipid variables related to an acute
major coronary event. At baseline, the association between
LDL-C and apo B levels and the risk of a major coronary
event was similar. However, after 1 year of treatment, the
association between LDL-C and the risk of a major coro-
nary event was not significant (P=.162). In contrast, after

1 year of treatment, apo B was a strong predictor of major
coronary events (P=.001).

In another post hoc analysis, data were combined from
2 prospective secondary prevention trials: TNT (Treating
to New Targets) and IDEAL (Incremental Decrease in End

TABLE 1. ATP Il LDL-C Goals and Cutpoints for Drug Therapy?®

Goal (mg/dLb)
Risk category LDL-C Non-HDL-C
Very high risk® <100 <130
(optional <70) (optional <100)
High risk: CHDY or
CHD risk equivalent® <100 <130
Moderately high risk:
22 risk factors <130 160
(10-y risk, 10%-20%)° (optional <100) (optional <130)
Moderate risk:
>2 risk factors’
(10-y risk <10%) 130 160
Lower risk 160 190

% ATP = Adult Treatment Panel; CHD = coronary heart disease; LDL-C =
low-density lipoprotein cholesterol; non-HDL-C = non-high-density lipo-
protein cholesterol.

® SI conversion factors: To convert LDL-C and non-HDL-C values to
mmol/L, multiply by 0.0259.

¢ Very high risk is defined as the presence of established cardiovascular
disease plus diabetes, or plus multiple poorly controlled risk factors, or
multiple risk factors of the metabolic syndrome (especially high triglyc-
erides >200 mg/dL), or patients with acute coronary syndrome.

4 CHD includes history of myocardial infarction, unstable angina, coro-
nary artery procedures (bypass or angioplasty), or evidence of clinically
important myocardial ischemia.

¢ CHD risk equivalents are defined as clinical manifestations of noncoro-
nary atherosclerotic disease, including peripheral arterial disease, ab-
dominal aortic aneurysm, and carotid artery disease (transient ischemic
attacks or stroke of carotid origin or >50% obstruction of carotid artery),

~diabetes, and >2 risk factors with 10-y risk of hard CHD >20%.

fRisk factors include cigarette smoking, hypertension (blood pressure,
>140/90 mm Hg or antihypertensive medication), low HDL-C (<40 mg/
dL), family history of CHD in first-degree relative, or age (>45 y in men,
>55 y in women).

From JAMA," with permission.
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TABLE 2. Epidemiological Studies and Clinical Trials in Which
Apo B Levels are Superior to LDL-C and Non-HDL-C Levels

Study No. of Patient
Study name type patients Sex population

AMORIS'™® Epi 175,553 M+F Asymptomatic
INTERHEART" Epi 31,465 M+F Post-MI
NHANES" Epi 9500 M+F Asymptomatic
IDEAL" CT 8888 M+F Post-MI
LIPID* CT 4502 M+F CHD
Chinese

Heart study?! Epi 3586 M+F Asymptomatic
AFCAPS

/TexCAPS* Epi 3301 M+F Asymptomatic
Casale

Monferrato® Epi 1565 M+F Diabetes
Leiden Heart

study?* CT 848 M CHD
Health Professionals

Follow-up study® Epi 532 M Asymptomatic

AMORIS = Apolipoprotein related Mortality Risk; AFCAPS/Tex-
CAPS = Air Force/Texas Coronary Atherosclerosis Prevention Study;
Apo B = apolipoprotein B; CHD = coronary heart disease; CT =
clinical trial; Epi = epidemiological study; IDEAL = Incremental De-
crease in End Points through Aggressive Lipid Lowering; NHANES =
National Health and Nutrition Examination Survey; LIPID = Long-term
Intervention with Pravastatin in Ischemic Disease; LDL-C = low-density
lipoprotein cholesterol; non-HDL-C = non-high-density lipoprotein cho-
lesterol; post-MI = post myocardial infarction.

Points through Aggressive Lipid Lowering). The strengths
of associations of LDL-C, non—-HDL-C, and apo B with
the occurrence of major cardiovascular events while pa-
tients were receiving treatment were analyzed. The hazard
ratios (HRs) were significant for LDL-C (HR, 1.15; 95%
confidence interval [CI], 1.10-1.20), non-HDL-C (HR,
1.19; 95% CI, 1.14-1.25), and apo B level (HR, 1.19; CI,
1.14-1.24). In pair-wise comparisons, LDL-C was not sig-
nificant as a predictor when combined with the apo B level
or the non—-HDL-C level, whereas apo B and non—-HDL-C
remained significant at HRs of 1.24 and 1.31, respectively.
Thus, in statin-treated patients in TNT and IDEAL, levels
of apo B and non-HDL-C were more closely associated
with cardiovascular outcome than levels of LDL-C while
patients were receving treatment.?

One of the reasons apo B may be superior to LDL-C in
assessing the cardiovascular risk of patients receiving statin
therapy is that statin therapy reduces LDL-C levels by a
greater percentage than it does apo B levels; thus, it alters the
association of LDL-C (LDL cholesterol content) to LDL par-
ticle number, resulting in many patients reaching their LDL-C
goal but continuing to have a high number of LDL particles.

This concept of a mismatch between LDL-C and LDL
particle number is illustrated in the MERCURY (Measur-
ing Effective Reductions in Cholesterol Using Rosuvastatin
therapY) II trial, a 16-week trial consisting of more than
1900 patients at high risk of coronary heart disease or recur-
rent cardiac events.”’ Patients were randomized to treatment

USING APOLIPOPROTEIN B TO MANAGE DYSLIPIDEMIC PATIENTS

with rosuvastatin, atorvastatin, or simvastatin to compare the
efficacy and safety of the most widely prescribed statins.
In untreated patients, an LDL-C level of 100 mg/dL was
approximately equivalent to an apo B level of 90 mg/dL.
However, in patients receiving treatment with statins, the
association between LDL-C and apo B was altered. In
patients treated with a statin to an LDL-C goal of less than
100 mg/dL, only 48% reached their apo B goal of less than
90 mg/dL, thus underscoring that a significant number of
patients have elevated apo B levels despite achievement of
LDL-C goals. To consistently reach an apo B goal of less
than 90 mg/dL required achievement of an LDL-C goal of
less than 70 mg/dL (for patients with a high triglyceride
level at baseline) or less than 80 mg/dL (for patients with
a low triglyceride level at baseline). Results similar to
MERCURY II were observed in an analysis by Snider-
man®® of 11 statin trials representing more than 17,000
patients. While patients were receiving treatment, the mean
LDL-C concentration was 99.2 mg/dL, representing the 21st
percentile of the population, whereas the mean apo B con-
centration was 101.6 mg/dL, representing the 55th percentile
(Table 3). Thus, a clear discordance between population
percentiles for achieved LDL and apo B goals was again
noted. This discordance illustrates how patients with opti-
mal LDL-C levels may still be at high risk of cardiovascular
events secondary to an undetected high number of LDL or
apo B particles. Identifying patients with optimal or near opti-
mal LDL-C levels yet high LDL particle number could result
in more effective prevention of cardiovascular events.

GoALs oF THERAPY

The American Diabetes Association/American College of
Cardiology (ADA/ACC) Consensus Conference Report
(Table 4)" and the Canadian Cardiovascular Society? have
suggested apo B goals for treatment of dyslipidemia and
prevention of cardiovascular disease.'* The ADA/ACC
consensus report recommends, in addition to an LDL-C
and non—-HDL-C goal of 70 mg/dL and 100 mg/dL, respec-
tively, an apo B goal of 80 mg/dL for patients with either
established cardiovascular disease or diabetes with one risk

TABLE 3. Effectiveness of Statin Therapy at Decreasing LDL-C,
Non-HDL-C, and Apo B Levels in 11 Statin Trials®?

Mean on-treatment
population (%)

% Reduction ~ Mean on-treatment
on therapy  concentration (mg/dL)

LDL-C 42.1 99.2 21
Non-HDL-C 39.6 127.0 29
Apo B 33.1 101.6 55

% Apo B = apolipoprotein B; LDL-C = low-density lipoprotein choles-
terol; non—HDL-C = non-high-density lipoprotein cholesterol.

®SI conversion factors: To convert apo B to g/L, multiply by 0.01; to con-
vert LDL-C and non—-HDL-C to mmol/L, multiply by 0.0259.

Adapted from J Clin Lipidology,*® with permission.
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TABLE 4. ADA/ACC Consensus Report Treatment Goals in
Patients with Lipoprotein Abnormalities®

Goals (mg/dL")

non—

Risk category LDL-C HDL-C apo B

Highest-risk patients, including

those with (1) known CVD or

(2) diabetes plus >1 additional

major CVD risk factor <70 <100 <80
High-risk patients, including those

with (1) no diabetes or known

clinical CVD but >2

additional major CVD risk

factors or (2) diabetes but

no other major risk factor® <100 <130 <90

% ACC = American College of Cardiology; ADA = American Diabetes
Association; apo B = apolipoprotein B; CVD = cardiovascular disease;
LDL-C = low-density lipoprotein cholesterol; non—-HDL-C = non-high-
density lipoprotein cholesterol.

SI conversion factors: To convert apo B to g/L, multiply by 0.01; to con-
vert LDL-C and non—-HDL-C to mmol/L, multiply by 0.0259.

¢ Other major risk factors (beyond dyslipoproteinemia) include smoking,
hypertension, and family history of premature coronary artery disease.

Adapted from J Am Coll Cardiol,” with permission from Elsevier.

factor.' In patients without cardiovascular disease but with
2 cardiometabolic risk factors, the ADA/ACC recommends
an apo B goal of 90 mg/dL. For patients with coronary
heart disease, the Canadian Cardiovascular Society recom-
mends an apo B goal of 80 mg/dL.

Data from recent clinical trials, including PROVE
IT (Pravastatin or Atorvastatin Evaluation and Infection
Therapy) and CARDS (Collaborative Atorvastatin Diabetes
Study), lend support to an apo B goal of less than 80 mg/dL
for high-risk patients. In PROVE IT, more than 4000 patients
recently hospitalized for an acute coronary syndrome with a
baseline median apo B level near 100 mg/dL were random-
ized to receive treatment either with pravastatin at 40 mg

TABLE 5. Population Distributions of LDL-C, non-HDL-C, and
Apo B in the Framingham Offspring Study®

% LDL-C non—-HDL-C apo B
2 70 83 54
5 78 94 62

10 88 104 69

20 100 119 78

30 111 132 85

40 120 143 91
50 130 153 97
60 139 163 103
70 149 175 110
80 160 187 118
90 176 205 130
95 191 224 140

#Unit is mg/dL. Apo B = apolipoprotein B; LDL-C = low-density lipopro-
tein cholesterol; non—-HDL-C = non-high-density lipoprotein cholesterol.

b SI conversion factors: To convert apo B to g/L, multiply by 0.01; to con-
vert LDL-C and non-HDL-C to mmol/L, multiply by 0.0259.

Adapted from Clin Chem,*' with permission.

(moderate therapy) or with atorvastatin at 80 mg (intensive
therapy).” At the end of the trial, the median apo B level
for the moderate therapy arm was 90 mg/dL, whereas the
median for the aggressive therapy arm was 67 mg/dL. The
aggressive therapy arm experienced a 16% reduction in the
HR for death or a major cardiovascular event (P=.005; 95%
CI, 5%-26%) compared with the moderate therapy arm.

In CARDS, more than 2800 diabetic patients without
documentation of previous cardiovascular disease were ran-
domized to atorvastatin, 10 mg, or placebo.*® Mean baseline
LDL-C, non—-HDL-C, and apo B values were 117 mg/dL, 152
mg/dL, and 117 mg/dL, respectively. Median duration of fol-
low-up was 3.9 years. Compared with placebo, atorvastatin
treatment at 1 year lowered LDL-C concentration by a mean
of 40.9% (95% CI, 40.1%-41.6%), whereas atorvastatin
treatment decreased the non—-HDL-C concentration by 38.1%
(95% Cl, 37.2%-39%) and the apo B concentration by 24.3%
(95% Cl, 23.4%-25.2%) (all P <.001). There was a 37% risk
reduction in the primary end point of major cardiovascular
events (95% CI, 52%-17%; P=.001). The mean apo B level
after 1 year of therapy with atorvastatin was 71.5 mg/dL.

Although these trials, which demonstrated significant
cardiovascular event reductions, were not designed to test
specific apo B targets, the levels of apo B that were achieved
in these studies are consistent with the ADA/ACC apo B
goals of less than 80 mg/dL for patients with known cardio-
vascular disease or with diabetes and one risk factor. There
has been much discussion regarding the appropriate apo B
goals of therapy. Some experts advocate using apo B goals
equivalent to LDL-C in terms of population percentiles
from databases such as the Framingham Offspring study
(Table 5).3' If this approach is applied to the updated NCEP
IIT guidelines, high-risk patients requiring an LDL-C level
of 100 mg/dL, which is the 20th percentile, should have an
apo B goal of 78 mg/dL (Table 3). Likewise, patients at very
high risk of coronary heart disease would require an LDL
goal of 70 mg/dL, which is the second percentile, and the
corresponding apo B level would be 54 mg/dL.

In our view, using the same population percentile cut-
points for LDL-C and apo B is probably unnecessary. These
apo B targets are not currently supported by any clinical trial
evidence, and their use may result in unachievable goals with
even 2 or 3 lipid-lowering drugs. Thus, the medical necessity
and practical feasibility of decreasing apo B levels to less
than 60 mg/dL (the second percentile) are questionable. In
the EXPLORER (Examination of Potential Lipid Modify-
ing Effects of Rosuvastatin in Combination With Ezetimibe
versus Rosuvastatin) trial, patients were treated with the
highest dose of the most potent statin, rosuvastatin at 40
mg, in conjunction with ezetimibe at 10 mg.*> The mean
baseline LDL-C and apo B values were 189 mg/dL and 176
mg/dL, respectively. Although this combination resulted in
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a 70% reduction in LDL-C levels, the apo B reduction was
significantly lower at 56%. At the end of the trial, LDL-C
and apo B values were 57 mg/dL and 76 mg/dL, respectively.
This trial highlights the difficulty in achieving apo B goals
lower than 60 mg/dL. For patients in the EXPLORER trial
to achieve an apo B goal of 54 mg/dL (the 2nd percentile), a
third and possibly a fourth drug would have been needed.

CONCLUSION

A substantial number of patients with atherosclerotic vas-
cular disease have LDL-C levels in the recommended range
but still have significant residual risk. This discrepancy exists
because many of these patients have elevated LDL particle
numbers despite having normal LDL-C concentrations. The
calculation of non—-HDL-C may improve risk prediction and
assessment of goal attainment in many of these patients;
however, the total body of evidence suggests that apo B is
a better marker for total atherogenic particle number. The
available evidence supports the superiority of apo B over
LDL-C and non-HDL-C in both risk stratification and
monitoring of the effectiveness of statin therapy. Although
NCEP 1II is built on the strong foundations of LDL-C! and
non-HDL-C,* consideration should be given to the use of
additional markers that may further aid in better risk stratifi-
cation and in greater reductions in residual risk.
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